The objectives of this study were (1) to evaluate the frequency with which feed ingredients or mixed feeds in cattle feedlots were contaminated with Escherichia coli and Salmonella spp. and (2) to evaluate the antimicrobial susceptibility patterns of non-type-specific Escherichia coli and Salmonella spp. recovered from feed ingredients or mixed feeds. Approximately 30 individual samples were collected from each of several feed commodities present on two cattle feedlots each month for 1 year. Half of the samples were cultured for Escherichia coli, and the other half were cultured for Salmonella spp. E. coli was recovered from 48.2% (516/1070) of the samples and from all feed ingredient types at least once. Salmonella spp. were recovered from 5.3% (57/1070) of samples. Overall, 40.3% (207/514) of E. coli isolates and 54.4% (31/57) of Salmonella spp. isolates were susceptible to all antimicrobials tested in the panel. Bacterial contamination of feed ingredients used at cattle feedlots with enteric bacteria is relatively common. In some cases, the enteric organisms are resistant to one or more antimicrobials. Feed ingredients may be a source of genetic elements associated with antimicrobial resistance for feedlot cattle. To be successful in minimizing foodborne pathogens and antimicrobial resistance in the cattle feedlot setting, it is important to consider the myriad of potential sources of these organisms or genetic elements.
INTRODUCTION R
EDUCING THE BURDEN of foodborne illness is a major priority for the public health community (Healthy People 2010) . Estimates of the burden of foodborne illness have led to calls for improved pre-and post-harvest processes to mitigate the risk of food products being contaminated with infectious agents. Hazard analysis critical control point (HACCP) approaches have been mandated in meat processing plants in an effort to lower the contamination of meat products with enteric organisms. Since most inplant interventions result in proportional reductions in bacterial load rather than sterilization, experts in animal agriculture and food production have looked toward pre-harvest interventions as a way to lower the load of bacteria of concern in animals prior to their being presented for slaughter (Hussein and Sakuma, 2005) . It is important to understand the ecology of enteric organisms throughout the course of production animals' lives in order to be able to minimize the impact of these organisms.
One way that food producing animals can be exposed to these bacteria is through their feed (Anderson et al., 1997 (Anderson et al., , 2001 Bender et al., 1997; Carter et al., 2003; Davis et al., 2003; Glickman et al., 1981; Jones et al., 1982; Kidd et al., 2002) . Animal and vegetable protein sources have been shown to be periodically contaminated with Salmonella spp. (McChesney et al., 1995) . In addi-tion, by-product feeds can be contaminated with Salmonella spp. (Anderson et al., 2001) . In some cases, these contaminated feed products have led to outbreaks of clinical illness in livestock (Anderson et al., 1997 (Anderson et al., , 2001 Glickman et al., 1981; Jones et al., 1982) . The role of contaminated feeds in the nonclinical presence of Salmonella spp. in animals is largely unknown.
Beyond the issue of feeds as a potential source of enteric pathogens that may be passed to humans by foodborne infections, concern has been raised for the role of livestock in the passage of antimicrobial resistant pathogens or enteric commensal organisms to humans. Currently, much attention has been focused on the role of management in livestock operations, particularly antimicrobial use, on the risk of transfer of resistance determinants to enteric organisms in humans. While the role of livestock management in the potential amplification of resistant organisms is important, it also is valuable to understand the origin of potentially resistant organisms that might enter the feedlot. The objective of this study was to evaluate multiple feed ingredients for the presence of enteric organisms (E. coli and Salmonella spp.) prior to ration blending in two large commercial beef feedlots over a 1-year period and to characterize these organisms with regard to antimicrobial resistance patterns.
MATERIALS AND METHODS

Source of samples
Two cattle feedlots in Colorado were selected to participate in this study. Each feedlot had a one-time capacity of more than 25,000 head. Both feedlots had onsite mill facilities where feed ingredients were processed and mixed prior to delivery to pens of cattle. All feed ingredients were purchased for feedlot A. Feedlot B also purchased most feed ingredients but also grew hay on adjacent land that was subsequently included in rations fed.
Sample collection
Each feedlot was visited monthly from December 2001 through November 2002 for sample collection. At each visit, 30 feed samples (5-10 g each) were obtained from each major type of feed ingredient (corn, hay, and silage) from each premises. Samples were collected from different locations in the stored commodity. Corn samples from feedlot A were high-moisture corn while those from feedlot B were dry-rolled corn. In addition, mixed feed samples were collected at one feedlot (feedlot A) prior to delivery to the cattle. Disposable gloves were used while collecting the samples into sterile 50-mL screw-top tubes. Gloves were changed after sampling each feed type at each feedlot. Samples were transported back to the laboratory in cooled containers and cultured within 2 h of collection.
Culture methods
One-half (approximately 15) of the collected samples were cultured for non-type-specific E. coli and the other half were cultured for Salmonella spp.
Non-type-specific E. coli (NTSEC) cultures: For enriched cultures of NTSEC, 40 mL of tryptic-soy broth (BD, Sparks, MD) was added to a tube containing 5-10-g feed samples. After overnight incubation at 37°C, tubes were vortexed and a sterile swab was used to transfer samples to MacConkey agar plates (BBL, Sparks, MD). Plates were incubated for 18-24 h at 37°C and examined for the presence of lactose-fermenting colonies with characteristic morphology. When identified, one lactose-fermenting colony from each plate was inoculated on a tryptic-soy agar (TSA) with 5% sheep red blood cells added (BBL, Sparks, MD) and incubated at 37°C for 18-24 h. Lactose-fermenting colonies that were indole-positive were considered to have met criteria for presumptive non-type-specific E. coli identification.
Salmonella cultures
Forty ml of tetrathionate broth (with brilliant green and iodine; Difco, Sparks, MD) was added to each 5-10-g feed sample, and tubes were incubated at 42°C for 18-24 h. Tubes were vortexed, 100 L of fluid was added to 10 mL of Rappaport-Vassiliadis R10 media (Difco, Sparks, MD), and incubated at 37°C for 18-24 h. Sterile swabs then were used to streak these samples to XLT4 agar plates (Hardy Diagnostics, Santa Maria, CA), and plates were incubated at 37°C for 48 h. These plates were examined at 24 and 48 h for growth of hydrogen sulfide (H 2 S)-producing colonies as indicated by black coloration of colonies. One H2S-producing colony from each plate was transferred to another TSA agar plate with 5% sheep red blood cells (BBL, Sparks, MD) and incubated for 18-24 h.
Poly-O grouping antisera (BD, Sparks, MD) was used to confirm identification of Salmonella enterica isolates. Group-specific antisera (BD, Sparks, MD) was used to determine the serogroup for each isolate. Salmonella isolates also were sent to the USDA:APHIS:VS National Veterinary Services Laboratories for serotyping.
Susceptibility testing methods
A pure culture of each NTSEC or Salmonella isolate was tested for the minimum inhibitory concentrations of 16 antimicrobial drugs (amoxicillin/clavulanic acid, amikacin, ampicillin, apramycin, cefoxitin, ceftiofur, ceftriaxone, cephalothin, chloramphenicol, ciprofloxacin, gentamicin, kanamycin, streptomycin, sulfamethoxazole, trimethoprim/sulfamethoxazole, tetracycline) using the Micronaut ® micro-broth dilution system (Merlin Diagnostics, Bornheim, Germany). Interpretations of resistance status of isolates were determined using the Clinical and Laboratory Standards Institute (CLSI, formerly NCCLS) interpretive guidelines where available (Table 1) . Otherwise, interpretive criteria used in the National Antimicrobial Resistance System (NARMS) were utilized. The 16 antimicrobial drugs evaluated in the panel are representative of the major classes of antimicrobial drugs and include antimicrobial drugs important to veterinary and human medicine. In accordance with CLSI guidelines, four reference strains of organisms from the American Type Culture Collection (ATCC), including Staphylococcus aureus (ATCC-29213), Escherichia coli (ATCC-25922), Enterococcus faecalis (ATCC-29212), and Pseudomonas aeruginosa (ATTC-27853), were used for quality control of the susceptibility testing.
Archiving isolates
A colony of each NTSEC or Salmonella isolate was transferred to tryptic-soy broth and incubated for 12 h 37°C. Following incubation, 750 L of the tryptic-soy broth solution was mixed with 750 L of glycerol, vortexed, and frozen at Ϫ70°C.
RESULTS
Escherichia coli was recovered more frequently from feeds or feed ingredients than Salmonella spp. (Table 2) . Escherichia coli was recovered from all feeds or feed ingredients at least once during the year of data collection. Overall, E. coli was recovered from 48.2% (516/1070) of the samples. The percent of samples positive for E. coli by feedlot and feed type ranged from 19.4% (35/180, high-moisture corn, feedlot A) to 72.6% (127/175, mixed feed, feedlot A). There was no strong seasonal pattern to E. coli recovery from feed samples. Overall 58.3% (105/180) of hay samples were positive for E. coli in the feedlots.
Overall, 5.3% (57/1070) of samples were positive for Salmonella spp. The percent of feed samples positive for Salmonella spp. ranged from 0% (0/180, hay, feedlot A) to 24.0% (42/175, mixed feed, feedlot A). Most of the Salmonella isolates recovered (74.0%, 42/57) came from mixed feed in one feedlot. Fewer Salmonella isolates came from dry corn, hay, silage, and high-moisture corn (8, 6, 1, and 1 isolate, respectively). Throughout most of the year Salmonella spp. recovery was relatively infrequent. However, in July, October, and November, the recovery from mixed feed in feedlot A was quite common (100%, 80%, and 73%, respectively). The 57 Salmonella isolates belonged to 6 serogroups. The most common serogroup was G with 35 (61.4%) of the isolates followed by serogroups E 1 , E 4 , B, C 2 , C 1 , and D (with 7, 6, 3, 3, 1, and 1 isolates, respectively). Three of the isolates could not be recovered after archiving and therefore were not available for serotyping. Of the 54 Salmonella isolates that were serotyped, the most common serotypes were S. Havana and S. Cubana, each with 17 isolates, followed by S. Lexington (n ϭ 6), S. Senften- berg (n ϭ 6), S. Newport (n ϭ 3), and S. Typhimurium (n ϭ 3). There was a single isolate each of the serotypes S. Anatum and S. Oranienburg.
There was little relationship between the recovery of Salmonella spp. from a feed sample and the recovery of E. coli from that same sample. Among the 57 samples positive for Salmonella, 18 (31.6%) had no E. coli cultured.
Overall, 40.3% (207/514) E. coli isolates were susceptible to all antimicrobials tested in the panel. No E. coli isolates were resistant to gentamicin (Table 3) . Resistance was most commonly identified for cephalothin (38.7% of isolates), ampicillin (24.7%), cefoxitin (16.6%), and amoxicillin/clavulanic acid (12.1%). For each of the remaining antimicrobials, fewer than 10.0% of the isolates were identified as resistant. Of the 307 isolates resistant to one or more antimicrobials, 119 were resistant to a single antimicrobial, most commonly cephalothin (n ϭ 59), followed by ampicillin (n ϭ 30). The maximum number of antimicrobials to which any E. coli isolates were resistant was eight, including amoxicillin/clavulanic acid, ampicillin, ciprofloxacin, chloramphenicol, cefoxitin, cephalothin, sulfamethoxazole, and trimethoprim/sulfamethoxazole (n ϭ 1), or ampicillin, ciprofloxacin, chloramphenicol, cefoxitin, cephalothin, sulfamethoxazole, streptomycin, and trimethoprim/sulfamethoxazole (n ϭ 1).
Most (54.4%, 31/57) Salmonella spp. isolates were susceptible to all antimicrobials tested in the panel. Eighteen additional isolates were resistant to a single antimicrobial, usually Sulfamethoxazole (n ϭ 14). Resistance was most common among the Salmonella spp. isolates for amoxicillin/clavulanic acid (10.3% of isolates), ampicillin (12.1%), ceftiofur (10.3%), cefoxitin (13.8%), cephalothin (15.5%), and sulfamethox- azole (34.5%) ( Table 3) . Eight Salmonella isolates were resistant to two or more antimicrobials. The maximum number of antimicrobials to which any Salmonella spp. isolates were resistant was nine. Four isolates-three S. Typhimurium and one S. Newport-were resistant to nine antimicrobials, specifically amoxicillin/clavulanic acid, ampicillin, ceftifur, chloramphenicol, cefoxitin, cephalothin, sulfamethoxazole, streptomycin, and tetracycline. One isolate (S. Newport) was resistant to eight antimicrobials. The remaining isolates were resistant to combinations of two antimicrobials.
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DISCUSSION
Contamination of feed ingredients with enteric bacteria, as indicated by the presence of E. coli or Salmonella spp. apparently is common in feedlots. E. coli was isolated from over one-half (51.8%) the feed or feed ingredient samples. This level is consistent with that seen in a study of feeds collected on dairies, at a calf research facility, and in feed mills where 30.1% of samples were culture-positive for E. coli (Lynn et al., 1998) .
A much smaller number (5.3%, 57 of 1070) of samples were culture-positive for Salmonella spp. This is similar to the rate of recovery of Salmonella spp. from various feed ingredients in a survey in the Pacific northwestern U.S., where 7.3% to 10.9% of various feed ingredients were culture-positive for Salmonella spp. (Krytenburg et al., 1998) . It is much lower than has been reported from an FDA survey where 82.4% of animal protein meals and 36.7% of vegetable protein meals were culture-positive for Salmonella spp. (McChesney et al., 1995) . In that survey, 16.1% of complete mixed feeds sampled were culture-positive for Salmonella spp. Despite the recovery of Salmonella spp. from a variety of feedstuffs throughout the year there were no recognized outbreaks of enteric disease in the cattle receiving these feeds.
It is unclear if feed ingredients become contaminated with fecal origin bacteria prior to delivery to the feedlot or after arrival. Feeds could be subject to contamination while in storage, during transport or during handling for processing into mixed feeds. While animal and vegetable protein sources have been considered as the most likely feed-origin sources for Salmonella spp. in the past, other feed ingredients can become contaminated and serve as a means of delivery to animals in the feedlot. The frequent identification of Salmonella isolates in mixed feeds in one of the feedlots in this study and the failure to find Salmonella isolates in the feed ingredients sampled suggests that perhaps other untested feed ingredients such as protein sources might have been the source of contamination in that setting. Nearly one-third of the Salmonella isolates came from samples where no E. coli were recovered suggesting that presence of E. coli would not be a good screening indicator for Salmonella contamination in feed samples.
Many of the Salmonella isolates (54.4%, 31/57) identified in this study were susceptible to all antimicrobials tested in the panel. This is in contrast to the findings of a South African study where all Salmonella spp. isolates derived from a study of registerable farm feeds were resistant to penicillin, methicillin, and bacitracin (Durand et al., 1987) . While some Salmonella spp. isolates from this study were resistant to one or more antimicrobials, very few (n ϭ 8) were resistant to two or more antimicrobials.
The ecology of enteric organisms in the feedlot environment is complex. Just as is true of all species, including humans, housing environments for feedlot cattle are inherently contaminated with a variety of enteric organisms, and there are many routes by which feedlot cattle can be orally exposed. When evaluating factors that might be used to mitigate the frequency of infections in feedlot cattle, multiple exposure routes need to be considered. In addition, it is important to remember that the antimicrobial resistance determinants in enteric organisms found in the feedlot can have their ultimate source in distant environments. As with efforts to reduce the infection of cattle with specific enteric organisms, efforts to minimize the frequency of antimicrobial resistance among enteric organisms in the feedlot must consider all of the varied sources of these genes in order to have a high probability of success.
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